Summary. Six oxygen-associated vibrations were observed for reaction intermediates of bovine cytochrome coxidase with 0, using time-resolved resonance Raman spectroscopy. The isotope shift of the Fe-O, stretching frequency for an asymmetrically labeled dioxygen, 16 
Introduction
The terminal oxidase of the mitochondrial respiratory chain contains two copper redox centers (Cu A and CUs) and two heme A groups (Cyt a and Cyt a3) [1] and has been historically called cytochrome aa 3 (E.C. l.9.3.1). A conceptual structure of this enzyme is illustrated in Fig. l . Heme a3 is of the five-coordinate high-spin type and provides the catalytic site for O 2 reduction, while heme a is of the six-coordinate lowspin type and works simply for electron transfer from CUA to Cyt a3• The CUA center, which is a binuclear copper complex and changes between CUICU II and CUI CUI, receives electrons from cytochrome c and transfers them to Cyt a. The role of CUs has not been clarified yet but it has been known that CUB is antiferromagnetically coupled with heme a3 in the resting state. Accordingly, CUB of the oxidized form is electron paramagnetic resonance (EPR) silent while CUA is EPR active.
Full reduction of O2 to HP requires four electrons and four protons. In a respiration system the reaction is catalyzed by the heme iron of Cyt a3 (Fea3) in stepwise fashion, that is, repetitions of one electron transfer to oxygen followed by uptake of one proton [2] . In addition to consumption offour protons to yield two water molecules, another four protons are transported across the mitochondrial inner membrane to generate the electrochemical potential to be used for producing ATP from ADP [3, 4] . The stepwise reduction of an isolated O2 molecule may imply generation of intermediately reduced oxygen species such as . The enzyme is located in the inner membrane of mitochondria and is functionally categorized into two parts, that is, cytochrome a (Cy t a) and cytochrome a, (Cyt a, ) . Cytochrome c gives electrons to CUA> which actually consists of a dinuclear copper center. Electrons are transferred from CUA to the six-coordinate heme (Cyt a) and then to the five-coordinate heme (Cyt a, ) . CUs is antiferromagnetically coupled with the iron of Cyt a, in the resting state. O2 binds to the Fell ion of Cyt a" to which CO and CN-also can be bound. On reduction of one O2 molecule, four protons are translocated across the membrane from the matrix to cytosol side; in addition, four protons are consumed in the matrix side to generate two water molecules
